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(54) COMMUNICATION APPARATUS AND COMMUNICATION METHOD 

(57)Abstract: M 
PROBLEM TO BE SOLVED: To obtain a communication 
apparatus and a communication method by which the 
calculation amount and the excellent transmission 
characteristic can be realized.. 

SOLUTION: The communication apparatus is provided 
with a turbo encoder 1 that applies turbo encoding to 
low-order 2 bits of transmission data to provide an 
output of 2 information bits and 2 redundant bits, a 
conversion 2 that uses an output of the turbo encoder 1 
to apply an arithmetic operation to various information 
bits so as to uniformize the error correction capability 
over the various information bits and outputs the 
arithmetic operation result and other bits in the 
transmission data as an encoding result, decoders (11- 
18) that apply soft discrimination to the low-order 2-bits 
of a received signal of which characteristic may be " '* 

degraded to estimate the original transmission data, and 
a 2nd discrimination device 19 that applies hard 
discrimination to the other bits in the received signal to 
estimate the original transmission data. 
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(54) [ftHO&RO »ftB**J«fctfiHi**fc 



(57) B6»] 

im&^m mm?- * <z>t& 2 * * mc*tlt * - 

;WHfc3:fT-2>*£KJ:y, 2t^y hCDffiSgfcfy hi: 2 

a^-Jttijfcrsiira* (n~i8) 

«fc y , TtOW^i^- * fcfltt* £fg 2 0>¥!i5£S§ 1 9 &{i 



F i f-w-r(*#> 

H0 3M 13/29 5 J 065 

13/13 5K004 

13/15 5K022 

13/25 

13/27 

m&ffi#. »*«<Dftl2 OL fcfe 17 K) SfcKfclBK 
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1 

-jJWHb^Si:, 

tiflH>?Tj£»©fll*lf'y h Htm&rC&Xv h £ fcffiv n 
»©JWf«:tfv\ *©»}Ba*i:, t5i££fl^-#ic*5 10 
H#J8ti:, 

fit$8i: LT-£*. <b*ifc l of&<0*fcFJ£ffl:fr (fcv 

s e>ic fgfgt^y h i:n 2 ©jcs^y h n zmm u * 

fcffiJfclHR^fcoTfcyiSbllfm 1^202 ©*g# 

^m<mm&m±\z.mr5^x. *£<&fmvvv*m%. 
?&mi<m&^m£* 

y, * J ho)'W$a^^h4jfi^-r^2<z)f!i^#m^ 

-f U -:/«^K«F^b2nfc— #<Z>5£«fc^ hfc 30 

xmt>-*z r £ %mi£i-&m$m 1 tciBiB©si«sg 

{So 

BI#jR3] y-Kyn^flWfc^-tfWrafcSH* 

SflHWCtt. *-im%*&&&* 'J-Kynt^ 40 
S £ fcmt^SJt** 1 * fc» 2 IC|B^0 

01*314] >f>*y-^^&^ttcisyA*ife 
i:, WBBS««*y h i ©ft&* so 
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» h £. y -7wme>&mm^v h 
fern, 

zmtf\Mm£Lxmj]*2>z\£zmi£-tz>m 
mmn. 

twasmnfyh^ ttfie^io)%^bf>yhi:, ttna^ 

y * y - -ffmstum 2 ©ftj^y h i:, <z>0£M£-£ 

mm. 

m&R 6 ] >r > * y - ^^fe^-fbic^ y Atvfe 
^wtn^ z£iz&v. mmmsazm cfc-w^bf y h 

ltflB#«^^h^ ltffBHlfeJ:^2©%Stf>yh 
tcin^-T, ffiS&fS-r- 9 tcfe WS-eoftSO) h fe?f 

[ft #317 ] y - Ky n &<&%£ 9 -im^£ fe^f 

mirz>z\££h, v-wu^yimim. 
\t*mmzz\£*mi£irm?m4>> 5, tt^ite 

[»#3C8 ] ^ - jWWbanfcSMWt-^&lllffBfeK: 

«fcy«^r5«^&ffi*sit#8a»cfcvvr, 

yhh, Sjift^-fb^n^KDTCS^y hi:, fett 

mu *<Dmmm£. mmm£vx^^n^i-o 
ms&mm%izt$vzffi%m>T®.\zv h^e>, rnriB^ 

#»W<Z)m*«tcjS:tJfc^8^hi:, Ma^i<7)7t^ 
yhi:, fettffiU -e^> ttm»gmi:, i&iBS&l©« 

^^^©m^ffi^jtcs^^T, ttna'i*^^«y h© 
xmm 1 ©ttt^^Htcilftrts* 2 ©«##©i:. 




3 

mm i cov^BLtm 2 <DW*¥mz*&m$&*ft 

OSf#« 9 ] SSfSfflUtf U - K V a *e 4: * -*lff 

v a * >*af^£*W£ 3 i: saw** -r 8 icie 

[ff*Sio] ^^-*Kfctt5ffiJ^<Z>T&t^y 

t, #nmif ? b\ztt*zmvtt£&±%&-ttzt=. 

fcfS l ©Tt^^'v h i: fcttffi U ■£©ttffi*SSIi:, «tt 
fit$gi LT#;t 6>*ife l otir©««}effi# Ofcv 

<Dm&mk£. mm i ©&#:*^y >ac tsH&wm 

t-tzm2 amzxr v -ft* 
mm i a)***^* ^fctWB»2 ott^^v 

y, %)ha>ffl^[^b?:*iS-rsil2<^fO^-r>vy 
[ft l 1 1 tifia* -JtSWHHfc*?' * ^"tcfeo T 

ft lxtj u -zr#mitfi$7 : -4>* y -^soa^. 
xmtrtz>z.t*:ttmt.?zm#mi o\z%ffi,<mm 

fcHHWS Z. £ 1 0 * fctt 1 1 KM 
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[0 0 0 1] 

CDT'&y, DMT (Discrete Multi Tone) W&L 

fSD^-f'OFDM (Orthogonal Frequency Division Mu 
ltiplex) ja»t»*»fCJ:y, gt#®ii«tHilSS:fflV> 

■i^cj:y^-*^fcfy3«Bj«fcR&t\ iis 

[0002] 

S„ fe£;Uct. S S (Spread Spectrum) 
jE3P$cCDMA (W-CDMA : Code Division Multip 
le Access) iCfeWtttU SJi*#^CDffitB$:^g<± 
) ES^yfJiE^i: bT, *-#^#JISii3*lT^ 
S= £©*-jI«HF*»*. flWR3KWK>f>*y-^S:ltlL/ 

l^* ; fo^igs4^Tv^sMyfriE^ ! ^#cDloT*fe5, _Lia 

W-CDMA^Cj3V^T^ct, ^yfTIE^^'ffill^ 

[ooo3] zzx% ±m*-7m%z%^tcim<m 

^&^i-0T'feS. 08 (a) tC33V^ lOlli'* 

#^flfSSii*^^T*& y , 1 o 2 w:-f > * y - 
y^T'fe y, 103 it>f u - a i o 2 ic«fc y A*V#^. 

«| 2 (Z)#»«jMSii*^^T'& S„ 08 (b) 

io T*&y, 2o<z>sii»WifflSSftii»^ > ff:«i^ *ti*ri 
^t-3it^9F^T'fflv^e)n■s-f>^tu->'1l o 2-eii, « 
[0004] ±iB©«k e> ic^s ns ^ -x&smx 

SSgftiiiWf^'fbSI ioi ®«!«ic «fc y wm&ft&y b& 

m*ft%itlst~%&*y bWl : x 2 t, m2<D#^W 

iliBi^ftii*^^ 103 ®^tatc«fc »m :/* y 

50 3^^ 



(4) 



[0 0 0 5] 091*, ^f&l-fc^T&BStlS^-tf * 
&-tSS<2^&5t-fllIT*&£« 09lCfeWt, 1 1 Hi 

tsiicDSW^u. i i 2fc«fctf i i 6tting§§ 

T'feU, 1 1 333<fctfl 1 4ti>f^^U->'1T*&y, 1 
l 5te%mm^ : yii:£W§- : y3£fr*>mtium 
S^m-T 2 ©HtWefe U, 117 \Vr4 U - 

AT*&V. 1 1 8tt»20«Wl 1 StDHJA&fflJfeL/ 

fcfc, £<S##: yi, y2. ya**. *ti**il«E io 

flBRbfvh*J9: xi, J»tfvh*W:x2. X3tc-g 

y -7 x - v y f <mm & a fefl-^T* & 

[0006] ±iaoD«fce>ic^$tis^-^-^T* 
fcfc. *T, SI l l 1 5fcfltt*: yik^S 

y2k*>^ *!3fcftKfct: L (U k ) «WW* 

(U k ) li, aT<Z)J:otc*-r^i:^-eSS. 

B»l] * 

Le (Uk) =L (Uk) -yik-La 

TV^VNfe*?), La (Uk) =OT&S. 

[0 0 0 9] O^IC, -f>*ij-/tl 1 3j5J:m 14 
T?tt. »WI*: yikfc*M»til*: Le (U k ) S 
flWff* : y3©^JtC$>fc-&-&fe«)lC, ffi#©stfe^#A. 

*LT, mz<D$Limi 1 5T'(*, £l®«^ 
fflll fcHMWC : yitSMfS# : y^ 

<tt«felClffil/tfi^fe»*i: Le (Uk) tcS^ 

^t, *fm±&tb : l (u k ) znm-tz. m 

Wi&l 1 #nlf#§l 1 2 £.mW,z. (2) 5£&m 30 

WT, ft&flflR: Le (U k ) fcJHW*. ZLOTi:^ 

SSftpfffg: La (Uk) i:LTttfiami<©«-^Sl 1 1 

[oo io] mmc *-TmwKtttt~ ±mnm& 
mm<vm^mutmtimah. *lt, m»i i 

*jm*sjt^ "l (u^ >o" T*&n& ft&mm^ 40 

»y h : xik ' 5: 1 fc«*U "L (U k ) ^0" T'&tl 

n. ate**** h : x ik ' £ o fcwts. 

[0 0 11] ZLCD<t-5lC, $^RO)ji#^lCfe^Tli, 
[00 12] 

KWMl/i^ttSS® L*»L*:#e>, ±11 50 
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L(Uk)~yik +, - a ( lJ k) +Le < u k) 

FMx 1k -nm) 



-Ln 



Pr(x 1K -0|(Y|) 



(1) 



[0 0 0 7] fcfc, Le (Uk) W0f#flWg«:*U L 

a (u k ) tei^m<mmffivtb2>&ffiimz:&v. 

Pr (xik ' = 1 I (Y) ) tiu 5tfi«*®^9RW 

{y} z&mvtdmrimtift&ffi&fmxv h •. 

xik' AUT?*5W^U P r (xik'=0| 

{y} ) it. &m (Y) ftsw»ofe«fflrtf#tjfea#i 

SJfeeflBR^y h : xik ' #OT?**«*«:art-. 

( 1 ) SWtt. '»HWHf v h : x ik ' ifi 0 Htb 

zmmzifrt&m&mm^y h : x ik • # 1 -e&smsp 

[0 0 0 8] og-fC, it»»l 1 2T*«, mSSf-WfGR 
T»***«W«H2*&, &2©fc##l 1 5ic*rt-s^ 
SP«$8S:W m-TS. : L e (U k ) tt. ±13 

(1) ICg^Wt, JWTOJ^C^t^tfT'SSo 
(U k ) - (2) 

^cv^e>^, fei:^ 1 6QA\reaMx«4ify h©-r 

^tfflf-i 1 (0000~llll:4tf>y hnVX^t 
1/- S/ a » tC*f LT, 2 5 6 Q AMffetlli 8 bT 'V h 

[0 0 13] ±fB{C^T^:$tlfet)©T*fe 
[0 0 14] 

hi:, J|ft*#itiaBMMWHfca*ifc* l 
^2©%^v ht> &ffi*-r5^-Jl<^^@ 
(^1-S^S6<3D^©^-^?9F^llc^) «r 

4MMBhfy h*c*r-r*«yiIiE«*S:J&-»c-r6fe«)© 
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IB 1 ol&ffltt^tBAfc L/TltflBH 1 ©£##micil*tl 
•**«2©tlHHNa (Sg2©&#2§l 5, -f>*U-A 
13, 14, A«W1 6, -r>f>*U-Al 7lCffiS) 
i:, KrSBSS l ®tiMM££tMB£ 2 ®tft-9#SC «fc 6«C 

(^2©f3^ni 9tc^) t. zmx-zztziimt 

[0 0 15] o«fco«BHc*»*»*ilflBaiK:fev^ tir 

IB* -jKWfb#aidu -f > # u -^tyi^c?^^ 

^tM 1 'J (-r-f U -A 2 5 toffl 

3) «BB«flBl^y hi:t(riB#5tJ^y hi:© 

^J&^-fc-BrTffiij-rs d i: &4f&i:t- 5. 
to 0 l 6] O^CD^lC^^SiiM^CfeoTli, 
U - VVU*yW%£9—&mf£*Wft-*Z>z.££ 

to 0 l 7] o^0D56Wlc^5ii^iSglcfeoTl*, 

I2£4it?8t^y h fc«&#«P9fl:l/fc* 1 V>%&¥v h 
i:, >f > * U - ^««tt©#fllfflllf y h b 
L,fcSfS2©ft:Rt^y hi:, £ffi2rt-S*-3WHb#a 

<*->l*WHWSHCtt!!S) i:, IWBWaRflDflWI^v h 
i:ttfiB#%:i^yhi:£fflvvc, £flW*ify Mc**-** 
»J STIEflfcfr S:i^-lC-t-Sfett>©?ilC$:^Te> SUM 

(3>A-i;3>2tcffiS) i:, «gtH*Sm 
£. IWBiaMr'5 I -*»Cfi»**©«W>lfy hi:, 
fl^JHi: UTtWrTS 3 i: Sr^Sfc-TS. 

to 0 1 8] o^&^lc^&iiffi&glcfc^T, Kf 



- • 
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>f > * U - A 2 5 tCffi^) «:« jL fHlfE£#$8fc^ h 
tO 0 1 9] o^CDfg^C^Sjlfi^gfCfeoT^ 

dUcasWSHfjeROTffi^v Mc*fLT*-7fffl : #fb$: 
^e>riifc«i:y, ^BBFWaRWSlJfeflWI^'yht. Iff 
83HBBtf y h fc«i&»«F3f fcLfc» 1 <Djm£*j h 

w >* u -^aaawDflwi^y h *a&zm%it ht=.m 
2 am&ev h i:, &m*i-s * -5if^^b#m?:<i 

[0020] -D^<mm\^i)^mmmm.\ztf>^x\%. 
u y-Kya^xmrn. ^-w^fb&^-t-s 
[0021] ^g<mwKfrfrz>mmmmz$>-oTi*. 

mtK^ ^ttfiffSi: Lxttzntz 1 o«r®«ewsHJA 
jfe&ff^«i©tft^#« (iifflS^ii 1, itm^i 

h^6>, l5IB^f#^©ffi«Cf5Cfe'Wlg^>y hi:, 

ttfiam 1 ©KSK'y h fcji&s^T-ft&a^fbsti 
i:, ItrlBm 1 &<D«»!BEm*KIS^v%T, 

nmmmti t Lxmsm 1 oim^mK-mt zm 2 

<m^WL 2(7)^-^1 5, >f>*y-A13, 1 

4, jn®#ii 6, 7=>f>*yw<i 7tcffi^) £, tm 
m 1 <m.^®.£m 2 ®^#mic .t s^j^&m^m 

#lc^Sflfi<o^y hSr^J^S^iitcky, =foi:<Z) 
flWIifv h 2 <o«Jfe^« (^2©fte§§l 

9lc*B3) i:, M^Slt^iitS. 
[0 0 2 2] o^(D!6^lcA^Sii«^iSlcfeoTli, 

isfiwj- \*vu*yn%£9-i$mf£*&R\sX 

«#1-£Zli:S:#®ti:-f5. 
[0 0 2 3] 0^©|8WlC^5iiTO*^feoTli, 




(6) 

g 

to<D®M&fji<\ *®ffimmt.* wmsmT—stizis 

nxrvzft. &mm%iz&ttzmm.<Di : &xv b& 
e>, tm^v b tm 1 <z>%st^y h t zmmu torn 

* (fc^#&%-£tf) icg^riifcpMStfx^itf^ 

&ftms i o|frro«^J^ffiiJi:-rsll 2 <m^*T v ■? 

tomm^y b *wfc*z>m i ©fls^f'f^ Kna 

%£<&m^y b*mt?2>m2<DvmxTv7£. & 

[oo2 4] ^gnmiizfrfrzmmmkKis^x. m 
iB*-#f^b*-ry^c&o-n*> jyzv-zftnm 
lfeic8P£{b3*ife— -}s<rm&£*j bV-tthXr^y* u 

[0 0 2 5] o^©$8Wca^£M##&&C&oTl*> 
y-Kvn^>Wfc*->)«IWfc&#J8"**£i:i: 2 

[0 0 2 6] 

[0027] eii xmiizfrfrzmmmmx'mmz 

fcit) ©^fcSVt-ETe&y, ffWCli, 01 (a) # 

1 (b) ^■^KD^&at'tEI'e&S. #2M<Z>B1®. 

0M*®fi^tS:fiS^Siii £ U ?Sr*fSfc-r-#0>^y 
"STIEt&fc&toZ.fclC.fcy, -r-*iI{ffc«fcrJWSIf8 
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W 3 H £ l/T%> <fc v *. 

[0 0 2 8] 01 (a) ©ftf^lCfc^T, ltt 

^ y ^PSIflciSv ri:#^Jte& # -xKf^^ 

Tffcy, 2«*-jW^l*^gttI6te-?-*£«& 

tsn^-^a^-c&y, fet^ii, *-ji««hhs2 

T*Wu 2^v bamm^y bOKhlzMLX. 
-^3>2T*li, £ttSfcofc4l^5/ h©-r-*{C*fU 

t, smwKis^x&fmxy bKMt&ismztiim 

[0 0 2 9] EH (a) ©8tS*lC;i3VVC, 1 1 

it^mm^ : Ley (&&<Dg«f8# : v 0 , vi, 
w 0 , witC^S) A^5>m*ffiitS:^ffi-rs01®«# 
1 233J:tf 1 6ttinWtlT*fey, 1 3fc£tf 
1 4 fcM U -ytT'S> U, 15 : Ley 

m&n&fgm^ : v 0 , vi, w 0 , witoffl^) ^e>*f 
jRAStb&^m-t-sn 2 (mtmx& y > 17 tt^-f > 

^ U -^T'fe y , 1 8 am 2 o^-tn 1 5 <D\&ts^m 

hxmmmzv v^<mfcmkwit*n 1 ®fJ« 

$"e&y, 19lj:Lcy (^a©S#M# : v 2 -, w 2 

[0 0 3 0] 3.Z.T'< ±IB?f^lfeJ:0^#SI©i&^?: 

ffitC^VN-Cffi^lCSJi^-t-So fcil^-li, DMT (Disc 
reteMulti Tone) ^^IS^&ffiV^ ^-^iiffl&fi 1 

•5ADSL (Asymmetric Digital Subscriber Line) M 
33«kt>*HDSL (high-bit-rate Digital Subs 
criber Line) il«^^©x D S Lii«*S:^&S. 
iCD^i, ANSI (DTI. 4 13^C33^T 

mmtznx^Zo m& $m<mm<D$imz^x 

[0 0 3 1] H2li, *|6^{C*^5a^{a©HlfS^ 

#T J -4'S:v;i^^'by^^/'J/>^3>hD-;i/ (El 

atCOMUX/SYNC CONTROLtCffi^) 4 llCT#5-M<bU 
Af-x.v'J (CRC : Cyclic redundancy checktCffi^) 

42, 4 3izxm*mmR^-b*zmau se>ic ? 

itrj-b'^-nVVi/ay (SCRAM&FBCfCffi^) 4 
4, 4 5lCTFECm3-K©f*&nfcJ:t>'X^7>^;i/ 

[0 0 3 2] Jfcfe, V^^'l/^^X/i/^i'^^ ha 
-;i/4 1^6,, h->*-^y>^4 91CM^>*T'{C« 
50 2 Otf>i&g&#& y , — Ott-f > * 'J (INTERLEAVE) 
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4 6««***l*-f>*U-^ , Kf s -*^'S'7r (Interl 
eaved Data Buffer) i&S&T'&y, U 
-:74 6£^£&V^y-;*r--r-#^:y:7r (FastDa 
ta Buffer) ffl»T?»»J, -Y>*y-^iWa 
&ff -5 -f > * U -7 Kf 1 - # A >v ^ r il£J&<D;£tf>3iM# 

[0 0 3 3] SHB^-^tt. l/-h3>A-* 

(RATE-OONVERTORIC^S) 4 7, 4 S\ZX\s-VziyA 

-h^&tfw 1 — y*—#vytr (tone orderring 

ictg^) 4 9tCTh->^--^U>yOT$:tf-5. -fb 
X, ayx*]/-*/s>x.yz2-tf/>fJ>x>r-Vy 

V (CONSTELLATION AND GAIN SCALLNGlCfBMS) 5 OICT 
&g|5 (IFFT : Inverse Fast Fourier transfonnlCfB^) 

5 1 izxmmy- u x.$m*fi$ . 

[0 0 3 4] mmz. >f>^y>A^Wl//2/U7;WN* 
VVy (INPUT PARALLEL/SERIAL BUFFERlCffi^) 5 21C 

T7-u x^&&0vi5 wi^- # & £/ y r;i^r- # vz 

^H^t-* (ANALOG PROCESSING AND DAClCffl^) 5 

[0 0 3 5] 123 te, #38f8lC*^£it#I£S<Z>SfKfc 
©^^•t0T*$>-5. 03lC*3Wt. &m&X& St 

*,* / yjf/T-j-xur- J ?4V*)\/ziyri-9 (h^cdan 

ALOG PROCESSING AND ADCtCfg^) 1 4 1 \ZX7 '4 )l* 

y yvm&mm. n-n v*Mm\z 

gE&U *42» F*>r>-f=i5-f if (TEQtC*!^) 14 

[0 0 3 6] ^r^I^jSfS^ffc^^^TSixfc-r- 

(INPUT SERIAL / PARALLEL BUFFER tC^Q^) 1 4 3 \ZX 
*/ U 7;U-r- # \z)\rr- # iZ$8&£n, *(D/-\ 

5 X/Arf- * iZttVX-ffi&y - 'J X^ISP (FFT : Fast 
Fourier transformfCffi^) 14 4 CTi*3*7- 'J X^ 
SlfcfTK -£tf>&, jaaKBtK^Wn^-tJ 1 (FEQiC 

mm) i a 5izxmwmM®<mm^\$m*fit>o 

[0 0 3 7] -?-UT, iSi^tI^©iaS^ftM*^f 

/V^yTJT-Vy? (CONSTELLATION DECODER AND GA 
IN SCALLNGfCffl^) 1 4 6 j3«fct>*l — >*-*U >f 
(TONE ORDERRINGtC*!^) 1 4 7 lCT*Tfo*l5&£*(SI 

* (RATE-CONVERTORlCtB^) 148, 14 9ICj;SU- 
r-3>;1- h#LJ!l> ^>f>^y— Zf (DEINTERLEAVElCffi 

m) i5o\z&z>T4y*v--?®M> 7*3- kx? 
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-ZJUti/sy (DESCRAM&FEClCfg^) 15 1, 15 2 

\z*zFEcymi3£t$y : x>?^y7)mm> &*tfv 

4 9 \) --j 9 i) #y#yi/4 ^-x.-v 9 (cyclic redundanc 
y cheekier) 1 5 3, 1 5 4 K •fc&MEmS&Sc^ 
<D«tS^Tt)tu &m&>lZ'?)\&7Uy>77s/isy>?n 
>hO-;i/(MUX/SYNC CONTROLlCfgMt) 1 5 5^^^ 

[0 0 3 8] JjaCaVTi-SftiSfiSatJCfeVxTtt. s 

imzmmzfmzit&zinz&v* i&s5xm£&&Tf 

[ 0 0 3 9 ] fcfc, _tfB© «fc e> lc«lERStiSilfB^®{c 

aswrwu igi (a) tzmtmmtfi* ±mm&izis 

ttZayz.fi'-i/Byx.yn- yx>r-vy 

{f5o\z&mivt>ti> mi (b) ic^-t^#si^, ± 

[0 0 4 0] JECFn 4^afi<W«llfCfeW*«F9» (iSM 
#Wcfi^-tSo 01 (a) ic^-tia^SSoSM^ 

{COV^^-rSo 04 tt. TM^rtUrMM 
tCfcWSh->^ ( (a) il, 4^yh3^ 

^i/-e/3>tciiMpiiB5&^f?F^o«i^ ((b) #jro 

5r^1-0T'feSo ^fe, 2)CilSfi<D^JlT*^ 04 (a) 
lzm-t£$iZ. &mg.~£.W^M (QAM: Quadrature 
Amplitude Modulation) tbT, fci:^.^ 16QA 
M^&fiJ^U 3e>lCV;i^^r J *'y7<7)e)t.©2o<D 

^t5:^ft-Sti^f5Sfl5ilM^y, 04 (b) {Cat-rj: 
T&2e^h©AiJf J -^tC*fbT^-^F%iI: 

[0 0 4 1] Z1Z1T*. T&2tTy hOA^J^-^tCo^ 

\z> QMrrj y^;i^M©f§^J3S5:^-r0"efey, 

*^4:69{CV^e)i:, 05 (a) WfflPSK (Phase Shif 
t Keying) ;^CD#-^#JBgT-&y; (b) *U6QA 

M^swHB^^aBBrca&y* (c) ^6 4qamm® 

[0 0 4 2] fch^-li, ±M?'<X<D$?MlT&(Dm-%& 
SBfStCfeV^T, SMM-t^a*fcttb(D^©T*feS^ 

^, am. &mwxfc wm.iz&vmsi*v hwi 
(mm?-*) t lts*» e> l v ^- * £#£srt 

fet^ 05S:ffl^TSmM#^afe«fc^ 
blClfS-TSi:, V^©^- (05 (a) (b) 
(c) IC*B!3) icfc^-ct>> Sffl^t^tCS : fcJ£V^4^ 
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<Z>T<42t^y (0, 0) (0, 1) (1,0) 

(1, 1) X%>Z>Z.£tfK>-frZ>. *ZX\ *$m<£>JVW. 

*Wu3, U4, us, us^oV^TJi. **l*ft ' 
V2» v 3« w 2t w 3 lC^ffSi"€>o 

[0 0 4 3] i*iic«fcy, 2|em6cDj£flgtcfcvvrwu # 

[0 0 4 4] .HWC, A*3tLfeTfi2 If? hOSSMf* 
-* : u i, u2^0T*->KMF9fc«gairt"*BI4 

( b ) ic^t * -im*m i ©ttmco v &. 

B96ti. * - 1 ©@3&^£^Vt-|ST'fe£„ 0 

e icfev 2 1 was i ©n«^3tiSftii*^^si-e 

*»J, 2 2fe«fctJf2 3li, -f>jHjWtC*y, 2 4« 
Sg 2 roS^««aii*W'f^T'fe »J , 2 5 fc^f > 

■r) , iiicD#j»Wi«»i*4^b«i2 KDwaacj: 

»J mmm^- * &*3HHt L 2 : uak^> * 

2 <Dimmmm&&®%im 2 4 ©#t&tc i'H^ 

[0 04 5] dOi-MC *s*E»WI9Wcfev^Tt*. H 
2 ©^«i®i«ga*4WbSS 2 4 ©ttRlC* T^f>* 

[0 0 4 6] o^tc. *-aWM»l*&2lf*h©» 
fg-r— # : ui, U2fc2fcf»y h^Tfcgr?— # : u a , ub 

[0 0 4 7] fcfc;tl& 3>^-S?3>23^SfeVvKM[ 
Tf, *IfI-r-2 : ui. u2i:5tS-7 i -f : u» ub£i£ 
iltf^, SMBflftcfewttt. 5MWi*: u a ', ub 

' (' itB^fDj^^y^-py^^^-f^ 

5HI«#&**) fcfflwr. TftttaMlT*-* : ui, u 2 

©#M«miSji»#%^si2 1 ©m^tcffiatssMt 
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«5i*WfbS§ 2 4 U LTffi± 

stifcSHBf 1 -* : ub' fc-rtt. *n*ti©i(iysnE 

vi = u2+u a (3) 
vo=U2 (4) 
wi=u2+ui+u a + ub (5) 
10 wo=u 2 +ui (6) 

fcfe, ±fBvfc,J:tfwl*, *ft*ft#<BI4 (a) Kg** 

#1 — 

[0 04 8] Z(D£5^ *£ttft>ftaiUC£VVCtt. «F 

■9»i*ic±ga* - 1 i: 3 yft— *?ay2t.*ffi 

akjVtoib&u s&jc ^m^o^mmz^ x 
^m&mmz^x\t^ wmimt \^x. 1 6 

1*, ^ODfl&CD^^S; (2 5 6QAM^) «rfflv^«& 

[0049] o^tc, 01 (b) Ki^&mmmmz 

30 im (QAM) tUT, 16QAM^S: 
8U8U a&fcv < n^-*rUr©^'6<02o<oh->K: 

-^5:^2CD^§§1 9iajfRB&t<6SfclCJ:»J, tcCO 

v 0 , vi, v 2 , v 3 , w 0 , wi. w 2 , w 3 i^ **i*n 

l5IBiIfSffl!l©tti* : vo, vi, V2, V3, w 0 , wi, w 
40 2 . W3JCfiaS»<0/>fX^7x-S?>yCDl»&#^.fe 

[0 0 5 0] S^M#L c y : V 0 , Vi, W 0 , 

V h : uik ' . "2k ' <&*fSfcfcSJ£ : L (uik ' ) , L 
(U2k') (kliBWH&^-t) . 

j&S®$lffi&%%t (MAPT;i/3"UXA : Maximum A-Po 
steriori) ffm^*>*l&Z.t. £.if&^tfi, fefc&tf. 
50 ^©If^tftfc-WI&fflV^iililbTtjiV^ 



(9) 
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16 



[0 0 5 1] ZOtg, fmXBit: L (uik') , L 
(u 2 k') tt. VX?<D&5lzm-?Z.ttfT-£&. 
D&2] 

L(UlK') =L <sy +La ( u lk) +Le ( u ik) 

Pr(u 1K -1HLcy|) # 
L " Pr(u 1k -0|lLcy|) 

[0 0 5 2] 
GK3] 



10 



L(u2Kl=L cy +La(u 2k )+Le(u 2k ) 
Pr( U2k -1HLcy}) 



-Ln- 



Pr( U2k «0HLcy|) 



<8) 



[0053] #mm<mmiz]3^x, Le 

(uik) . Le (U2k) •tt*MMIWIft«U La 
(ui k ) , La (u 2 k) «lot(f<Z)^gP«$gT*fcS*Stf* 

Le (uik) =L (uik') -Ley 
Le (u2k) =L (u2k') -Ley 

TVvfcV^fctf), La (uik) =0. La (u2k) = 0"£ 

[0 0 5 5] O^IC, -f>*U-/tl 335«fctfl47? 
ti. *»«-*LcyfcflaWIWR: Le (uik) . Le 

(u 2 k) KM\,T{&*im«m*.1rff5. -€"LT, H2 
<B*S» 1 5 Tftt. £ 1 1 1 fcH*^ Sffite 

fLcy, fe*0%tCjWJL , CfeV^<fiWIB8: La 

(uik) , La (u2k) lC3£t5V^T, ^Hfcfcffitti : L 

(u^') . l (u2k') &»mi-So itWH 30 

*Dj|D»12fc|l#!ttC, (9) (lO)^Sffl 
Wt, 91-mm: Le (ui k ) , Le (u 2 k) fcUffi-T 

*l»8Pf»$g«> mm®: La (uik) • La ( U2 k) * 
LT, StfSB^lCDm-t^l l»C"74-K<rt**3ft*. 

[0056] ±ia^-^-^i"eii, ±ib«!® 
y, *y«Mi©i«fv^««be«ttS:iicmu stftc «i 

*fm#git# "l (ui k ') >o- x& 

W*. uik' fclfcflftU "L (uik') ^o" t?* 
*U£ uik' SrOi^L, W»KU *HBCfcgtt# "L 
(u2k ' ) >0" Tf&fttf. u 2 k ' 5: 1 fcflfcU "L 
(U2k') ^0" Tffctitf. u 2 k' 5:0^!lS-rs o fc 
fe. RI^CS#tSSm#^L c y : V 2 , V3, W 2 , 

[0 0 5 7] Z.<Z><te>lC, 2ft^|86CD^ffilC33V>Ttt, ^ 



*19«S:*U P r (uik'=l I (Ley) ) O. S<S 
##0>£&?!J: {Ley} £gttJ&ofc^T'*i5£$*l 
**)6tiWitfy b : uik ' #1 U 
Pr(uik'=0| {Ley} ) ttuik'«<0Tf*6* 
«SM>«flU Pr (u2k' =1 I (Ley} ) tt. » 
flMi#©£*ai: {Ley} BWftofe^ffllta 

U P r (u 2 k'=0 I {Ley} ) ttu2k'#0T-& 
S^fit^&^-T. 1-^t>*>, (7) (8) u 
2k ' i*0X-2bZ>m$\Z.m'Z> U2k ' # 1 XSbZVmt. 
u lk ' #0 T*fe£flts?3£*N-£ uik ' # 1 X&ZVm 

[0 0 5 4] o^{C, JnJfi»12T»tt. «ffi3JttWS*T? 
»6*ffWatt*>&, Sg2<D&#3|l 5lC^S4Wht 
«&»m-r-6. IMMHR: Le (uik) , Le (u 2 k) 

». ±ib (7) (8) ajcifrjvvt, JWT©<fee>{ca-r 



-La (uik) •" (9) 

-La (u2k) - (10) 

&2 bizMLxmim^m * -imzmn* am 
m^iz&v2>*:<Dm<D^v hizttLxmy&zft^wfe 

mv trt-x hw)im&-?z&5te&jmizis^x 
li. */ytf)vmtLX<<nWkVtm*fi$R-smr cu- 

kvd^» ^©s&ncata y tmmm t <mm k & 
y, a6jc«xfeeaa«ts:»6ri:*«Tf**. 

[0058] 

z.hjcj:y, m%tt<z>&mt\zftvxziyx*u-i' 
tc*rLT^i^$:«e)3iiic«ty, m&-ft&v>&&c\z 

[0 0 5 9] O^OfSElCfciWi. ^-3^^ft#mtC 

^ >^ v-zrms&&zm\i't2>ffij8.£-tz>z£\z& 
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[0 0 6 0] -Dgoymuz^MZ. 9>#J4A*)t.rt- 

[0 0 6 1] o^fSWCfclXht v;L^^r-V U 

^maz^xny^ v-i/aytfmttzw&izia 

[0 0 6 2] o^<3D^^lCj:tlli *-5tffffHb#©lC 

mt. & y , «wo?(w*«fc <fc aftswtBi&a&sswic^ 

[0 0 6 3] o^CDlBfitCfcJUi. #fWItf* Mc*f"t 

sz:i:fcj:y> ae>»ci««s:B!B«a-tt*ii:3^ t ^riB& 

[0 0 6 4] og©»wcJ:*itf. 9Z/#J4M tA- 

[0 0 6 5] o«f©«W»Cj:*ili. *«SM:©KriBtt# 
&S^fSWF&2t^y h{C*fbT«efJ^S:tfv\ S 

[0 0 6 6] o«f®5WI»CJ:fttf. 9>4fZ*KUfcA- 

^hsya^-rsJ^fceasKfcfevvrfc, >»^;i/ 

#&T*<7)MytriE4tTe)R-S^i:(^fffllCj:y, 3 
[0 0 6 7] o^CD&WCjcfttf, V^-^-vUTSEtt 
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f?-5ii:ic«fcy, $mtt<n&mttzftiX^y*9 is 

[0 0 6 8] 0^tf>$gl9!lC«fc*U£. *-JlC«HMb^7 s "S» 
y, &fl^- * £7tB&- * V>m& ZtiM 

[0069] o^cD^ictnii, ? tA- 

#(aT*^yfTiE&^e)R-S^i:(D#Wcj:y, $ 

[mi] 4^K^*j»f»are«ffls*i*«F«« 

[®2] *miizfrfrzmm&m<mm&<Dm&*:jji 
•trnxubz. 

[0 3 ] ilfKS«® 5Ml*®«Wt 

[04 ] v;i/^#-v y 7gE&i££5&cfctt5 I — 
ftiLA^yV^y^zv-isa y\zffl% ssm&W*m<o 

me] #-Tmtti®\mm&*&tfB?3b*. 

[0 7 ] tf >y h»-y s$CDg&3rt0T*&S. 

[08] ^©#-;m^©#tsfc&^^&5. 

[09] ^(D^-^-tH<Z)^?:^-t0T*feS. 

[^®m^3 

1 *-jtf8HiSS> 2 3>^-2?a>, 11 ^1© 
12, 16Ji% 13, 14, 2 2, 2 3 

-f>^y-K 15 |g2©1g^ 17, 2 5 -r-Y 

>dty-A is igio«ssi> 19 ®2mm 

19. 2 1 ^l<D#MWiliBS^*?^blS. 2 4 Sf§ 

2 ©SiW^ISSSji^^'ffc^ 4 l v;i/^ >f U^y ^ 
/i/yi;nyYu-)^ 4 2, 4 3 WWyW* 
y#yi/4=?-*V>7 (CRC) , 4 4, 4 5 7*t7- 
h*x^-al/^i/a> (FEC) , 4 6 -f>*'J- 

4 7, 4 8 U-h3>/1-#, 4 9 h->^-- 
#vyif. 5 0 n>^^l/-i/3>x>3-4f/^>f 

y 51 mmy-v x.$m® (iff 

T), 5 2 -f Wi/'J TA^f 77. 

53 7-rutrz?uM*/*/y>f/ J r4 y*;i/-7tny 
1 4 17-^n^ya-fe^^^^/Ty-ay 

-f-fi?iIA3>^-jI, 14 2 ^f>f^K^-f>-f3 
50 (TEC) , 14 3 'f>y<vhi'U7;i//^7 



(11) 4$IH§2 0 0 1-1 2 7 649 

19 20 

WW<<v7r, 144 ffi&y-V=mm (FF 1, 152 y*V- KX9-3l/*S/a>, 153, 

T) , 145 jg^F^WWn^-Y-lf (FEC) , 154 1M* 'j y * U ^^W^iy * (CR 

146 n^^b-i-aWn-if/W^- C) > 155 v;^l/7^V>»^3>hn- 
14 7 h->>T-^U>^ 14 8, 14 9 

u-h^^-^f, 150 7 : -<y*v-y'* 15 

[Ell] 



(a) 
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